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Abstract
The cross section of the process e+e− → ωpi0 → pi0pi0γ has been measured in the
c.m. energy range 920–1380 MeV with the CMD-2 detector. Its energy dependence
is well described by the interference of the ρ(770) and ρ(1450) mesons decaying to
ωpi0. Upper limits for the cross sections of the direct processes e+e− → pi0pi0γ, ηpi0γ
have been set.
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1 Introduction
The process e+e− → ωpi0 is one of the dominant hadronic processes con-
tributing to the total hadronic cross section at the c.m. energy between 1 and
2 GeV. The precise measurement of its cross section will help to improve the
accuracy of the calculation of the hadronic contribution to the muon anoma-
lous magnetic moment [1] as well as check the relations between the values of
the cross section of the process e+e− → ωpi0 and the differential rate of the
τ− → ωpi−ντ decay following from the conservation of the vector current and
isospin symmetry [2]. As one of the important decay modes of the isovector
vector states, it can provide information on the properties of the ρ excitations
as well as clarify the existence of light exotic states (hybrids) between 1 and
2 GeV [3,4].
The dominant decay mode of the ω meson is that to pi+pi−pi0 and it is this
mode that has been used for the observation of the process e+e− → ωpi0 with
the complete event reconstruction by the DM2 [5], CMD-2 [6] and SND [7]
detectors. However, a less probable decay mode ω → pi0γ is also convenient
for the study of the ωpi0 final state since it is easier to select than the process
e+e− → pi+pi−pi0pi0 because of the single contributing intermediate mechanism.
The purely neutral decay mode of this process has been first studied by ND [8]
and recently with much higher statistics by SND [9].
In this work we report on the measurement of the cross section of the process
e+e− → ωpi0 → pi0pi0γ in the c.m. energy range 920–1380 MeV using the
CMD-2 detector at the VEPP-2M e+e− collider. The preliminary results of
this work were published in [10]. We also perform the first search for the
direct processes e+e− → pi0pi0γ and e+e− → ηpi0γ and set upper limits for the
corresponding cross sections.
2 Experiment
The general purpose detector CMD-2 has been described in detail elsewhere [11].
Its tracking system consists of a cylindrical drift chamber (DC) and double-
layer multiwire proportional Z-chamber, both also used for the trigger, and
both inside a thin (0.38 X0) superconducting solenoid with a field of 1 T. The
barrel CsI calorimeter with a thickness of 8.1 X0 placed outside the solenoid
has energy resolution for photons of about 9% in the energy range from 100 to
700 MeV. The angular resolution is of the order of 0.02 radians. The end-cap
BGO calorimeter with a thickness of 13.4 X0 placed inside the solenoid has
energy and angular resolution varying from 9% to 4% and from 0.03 to 0.02
radians respectively for the photon energy in the range 100 to 700 MeV. The
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barrel and end-cap calorimeter systems cover a solid angle of 0.92×4pi radians.
The experiment was performed in the c.m. energy range 360–1380 MeV. This
analysis is based on the data sample corresponding to integrated luminosity of
10.7 pb−1 collected in 1997–2000 in the energy range above the ωpi0 threshold,
in c.m. energy steps of about 5 MeV. The beam energy spread is about 400 keV
at 1000 MeV. The luminosity is measured using events of Bhabha scattering
at large angles [12].
3 Data analysis
Since the decay mode ω → pi0γ has been chosen for analysis, at the initial stage
events are selected which have no tracks in the DC, five or six photons, the
total energy deposition Etot > 1.5Ebeam, the total momentum Ptot < 0.4Ebeam
and at least three photons detected in the CsI calorimeter. The minimum
photon energy is 30 MeV for the CsI and 40 MeV for the BGO calorimeter.
We select 3045 events after these requirements.
Then a kinematic fit requiring energy-momentum conservation is performed
with the additional reconstruction of two pi0. The reconstruction procedure
assumes five photons, i.e. if more than five photons are found in the event, a
combination of five photons with the minimum χ2 is chosen. We require good
reconstruction quality (χ2 < 6) and the ratio of the reconstructed to measured
energy to be 0.7 < ωi /Ei < 1.9 for each photon. 2598 events remain at this
stage.
Since the background from the φ meson decays is large in the energy range
1010 <
√
s < 1028 MeV, we exclude this energy range from our analysis. At
other energies there are no sources of multiphoton events with a significant
cross section. The background from QED processes (e+e− → 3γ, 4γ) [13] is ef-
ficiently suppressed by the cut on the minimum number of photons. Another
possible source of background is the process e+e− → K0SK0L, K0S → pi0pi0.
However, except for the φ meson energy range its cross section is small [14]
and is efficiently rejected by the total energy deposition and momentum cuts.
The processes e+e− → ηγ, η → pi0pi0pi0 and e+e− → ωpi0pi0, ω → pi0γ, can con-
tribute to the pi0pi0γ final state if the two soft photons are not reconstructed.
For both of them the values of the cross section beyond the φ meson energy
range are also small [15,16]. From the Monte Carlo (MC) study we expect that
all above listed processes give negligible background to the final state studied
(. 1%).
All events meeting the selection criteria are considered to be from the process
e+e− → pi0pi0γ. They are subdivided into two classes: those from the ωpi0
3
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Fig. 1. The χ2 distribution (left) and pi0γ invariant mass spectrum (right). The
points with errors represent experimental events and the histograms show MC sim-
ulation. The arrows indicate the cuts imposed.
intermediate state are selected with a cut |M(pi0γ)−Mω| < 80 MeV/c2 (2382
events) and those from the non-ωpi0 are obtained by inverting the cut above
(216 events). The pi0pi0γ final state can also arise from the process e+e− →
ρ0pi0 followed by the ρ0 → pi0γ decay. This contribution estimated from the
measured cross section of the process e+e− → ρpi → pi+pi−pi0 [17] and B(ρ0 →
pi0γ) [18] appears to be about 10−3 of the total one and can be neglected.
Figure 1 shows the χ2 distribution for the events with |M(pi0γ) − Mω| <
80 MeV/c2 and the pi0γ invariant mass distribution for the events with χ2 < 6.
For a search of events of the process e+e− → ηpi0γ we first apply the same crite-
ria as for the process e+e− → pi0pi0γ at the initial stage. After that a kinematic
fit requiring energy-momentum conservation is performed with the additional
reconstruction of one soft pi0. We require good reconstruction quality, χ2 < 6.
To reject the dominant background from the process e+e− → ωpi0 → pi0pi0γ,
we perform an additional kinematic fit with the pi0pi0γ hypothesis and reject
events that are consistent with it, χ2pi0pi0γ < 6. Then we look for a possible η
signal in the invariant mass of any two photons of the remaining three, Mγγ .
TheMγγ distribution is approximated with a Gaussian for the signal and poly-
nomial function for the background. The Gaussian mean value and width are
fixed from the MC simulation of the signal events. The background shape is
obtained using the ωpi0 → pi0pi0γ MC. In all energy ranges the resulting ηpi0γ
signal is consistent with zero. Figure 2 shows the Mγγ distribution for all the
selected events.
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Fig. 2. The Mγγ distribution for the ηpi
0γ candidates. The histogram represents
experimental events and the solid curve shows the fit result. The dashed curve
corresponds to the background contribution.
4 Results
4.1 Approximation of the cross sections
At each energy point the cross section of the process σ is calculated from the
observed number of events Nωpi0 by using the following formula:
σ(
√
s) =
Nωpi0(
√
s)
L(
√
s) · ε(√s) · (1 + δ(√s)) (1)
where L is the integrated luminosity at the c.m. energy
√
s = 2Ebeam, ε is the
detection efficiency and (1+δ) is the radiative correction at the corresponding
energy.
To calculate the detection efficiency we use Monte Carlo simulation taking into
account the neutral trigger (NT) efficiency. NT is based on the information
from the CsI calorimeter and its efficiency depends on the number of clusters
and total energy deposition. The NT efficiency is estimated using events of the
processes e+e− → pi+pi−pi0 and e+e− → pi+pi−pi0pi0. We require the charged
trigger signal and three or more clusters in the CsI calorimeter, and study the
NT efficiency as a function of the energy deposition in CsI. The NT efficiency
varies from 92% at 920 MeV to about 98% at 1380 MeV [10].
The obtained Born cross section of the process e+e− → ωpi0 → pi0pi0γ is
shown in Fig. 3 while Table 1 lists detailed information on the analysis of
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Table 1
The energy, integrated luminosity, detection efficiency, number of selected events,
radiative correction, Born cross section, vacuum polarization correction and “bare”
cross section of the process e+e− → ωpi0 → pi0pi0γ.
√
s, MeV L, nb−1 ε, % Nωpi0 1 + δ σ, nb |1−Π(s)|2 σˆ, nb
920 458 13.2 3 0.857 0.06 ± 0.03 0.964 0.06 ± 0.03
940 328 18.0 6 0.833 0.12 ± 0.04 0.966 0.12 ± 0.04
950 226 18.7 13 0.840 0.37 ± 0.09 0.968 0.35 ± 0.08
960 250 18.9 17 0.849 0.42 ± 0.09 0.970 0.41 ± 0.08
970 250 19.2 22 0.857 0.54 ± 0.10 0.972 0.52 ± 0.10
984 430 19.5 43 0.867 0.59 ± 0.08 0.977 0.58 ± 0.08
1004 476 20.0 53 0.879 0.63 ± 0.08 0.995 0.63 ± 0.08
1034 406 20.6 82 0.893 1.10 ± 0.11 0.931 1.02 ± 0.10
1044 1000 20.8 172 0.897 0.92 ± 0.06 0.944 0.87 ± 0.06
1061 543 21.2 86 0.902 0.83 ± 0.08 0.953 0.79 ± 0.08
1083 320 21.6 77 0.906 1.23 ± 0.13 0.958 1.18 ± 0.12
1103 290 22.0 50 0.910 0.86 ± 0.11 0.960 0.83 ± 0.11
1123 308 22.3 80 0.913 1.27 ± 0.13 0.962 1.23 ± 0.13
1142 302 22.6 74 0.916 1.18 ± 0.13 0.963 1.14 ± 0.12
1163 293 23.0 88 0.917 1.43 ± 0.14 0.964 1.37 ± 0.13
1183 485 23.3 131 0.918 1.26 ± 0.10 0.965 1.22 ± 0.10
1204 301 23.6 85 0.919 1.30 ± 0.13 0.965 1.26 ± 0.13
1226 249 23.9 71 0.920 1.30 ± 0.14 0.966 1.25 ± 0.14
1246 348 24.1 121 0.920 1.57 ± 0.13 0.966 1.52 ± 0.13
1266 417 24.4 138 0.920 1.47 ± 0.12 0.967 1.43 ± 0.11
1286 497 24.6 152 0.921 1.35 ± 0.10 0.967 1.31 ± 0.10
1304 499 24.7 159 0.921 1.40 ± 0.10 0.967 1.35 ± 0.10
1326 541 24.9 176 0.924 1.41 ± 0.10 0.968 1.37 ± 0.10
1345 428 25.1 140 0.926 1.41 ± 0.11 0.968 1.36 ± 0.11
1364 499 25.2 177 0.930 1.51 ± 0.11 0.968 1.46 ± 0.10
1380 536 25.3 166 0.935 1.31 ± 0.10 0.969 1.27 ± 0.09
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Fig. 3. The cross section of the process e+e− → ωpi0 → pi0pi0γ. The results of CMD-2
(this work), SND [9] and DM2 [5] are shown. The curves are the results: a fit to the
CMD-2 data only (Fit I, left) and a combined fit to the CMD-2 and DM2 data (Fit
II, right).
this reaction. It is this cross section (the “dressed” one from the column VI)
that should be used in the approximation of the energy dependence with reso-
nances. For applications to various dispersion integrals like that for the leading
order hadronic contribution to the muon anomalous magnetic moment, one
should use the “bare” cross section. Following the procedure in Ref. [19], the
latter is obtained from the “dressed” one by multiplying it by the vacuum
polarization correction |1−Π(s)|2, where Π(s) is the photon polarization op-
erator calculated taking into account the effects of both leptonic and hadronic
vacuum polarization. The value of the correction and the “bare” cross section
σˆ are presented in two last columns of Table 1.
The maximum likelihood method is applied to fit the experimental data to
the relation (1) with the parameterization of the cross section described below.
The radiative corrections are calculated during the fit according to [20]. The
dependence of the detection efficiency on the energy of the emitted photon is
determined from simulation.
The Born cross section of the process can be written as:
σ0(s) =
4piα2
s3/2
(gρωpi
fρ
)2∣∣∣m
2
ρ
Dρ
+ A1
m2ρ′
Dρ′
+ A2
m2ρ′′
Dρ′′
∣∣∣2 · Pf(s) . (2)
Here gρωpi is the coupling constant of the transition ρ→ ωpi; the coupling con-
stant fρ is calculated from the ρ→ e+e− decay width: Γρee = 4pimρα2/(3f 2ρ );
mV is the mass and DV is the propagator of the vector meson V given by
DV (s) = s−m2V + i
√
sΓV (s), ΓV is the corresponding width. The real param-
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eter A1 = gρ′ωpi/gρωpi · fρ/fρ′ is the ratio of the coupling constants for the ρ
and ρ′ mesons while A2 is similarly defined for the ρ′′ meson. The factor Pf(s)
describes the energy dependence of the decay width into the ωpi0 final state.
For the infinitely narrow ω resonance Pf(s) = 1/3 · p3ω · Bω→pi0γ , where pω is
the ω meson momentum. However, this expression is not valid in the narrow
region near the ωpi0 threshold where we take into account the finite width of
the ω meson.
4.2 Results of the fits
In all the following fits gρωpi and A1 are free parameters. We perform three
main fits: to CMD-2 data only (Fit I) and two combined fits to our data
and those of the DM2 measurement [5]. A free correction factor for the DM2
data has been included in the combined fits to take into account systematic
uncertainties of both DM2 and our measurements.
For the ρ resonance the energy dependence of the total width is described by
the pi+pi− and ωpi0 decay modes:
Γρ(s) = Γρ(m
2
ρ)
m2ρ
s
( ppi(s)
ppi(m2ρ)
)3
+
g2ρωpi
12pi
p3ω(s) .
In the first fit we fix the ρ′ meson mass and width at their world average
values [18] since our data cover the energy range below 1380 MeV or the left
slope of the ρ′ only. We also neglect the contribution of the ρ′′ so that the
corresponding coupling constant A2 = 0. In the second fit the DM2 data above
1400 MeV allow a determination of the ρ′ parameters directly from the fit.
For the ρ′ resonance Γ(s) is also described by two decay channels: pi+pi− and
ωpi0. We checked that possible contributions of the KK¯, ηpipi and a1(1260)pi
channels to the ρ′ width only slightly affect the results of the fits. That is
clear since the contribution of the two former is numerically small whereas
the latter has energy dependence proportional to the first power of momentum
and produces no effect compared to the fast growing term corresponding to
the ωpi0 state. In contrast to the previous case, the relative probabilities of
the pi+pi− and ωpi0 modes are unknown so that the expression for the width is
written as
Γρ′(s) = Γρ′(m
2
ρ′)
[
Bρ′→ωpi0
( pω(s)
pω(m2ρ′)
)3
+ (1− Bρ′→ωpi0)
m2ρ′
s
( ppi(s)
ppi(m2ρ′)
)3]
where Bρ′→ωpi0 is the branching ratio of the ρ′ → ωpi0 decay. Its value was
varied from zero to unity to estimate the model uncertainty. As in the Fit
I, A2 = 0. In the third fit both ρ′ and ρ′′ can decay into ωpi0 with the ρ′
parameters free and the ρ′′ mass and width fixed [18].
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Table 2
The fit results in various models
Fit parameters Fit I Fit II Fit III
gρωpi, GeV
−1 16.7± 0.4 ± 0.6 17.0± 0.4 ± 0.6 16.7 ± 0.4± 0.6
A1, 10
−2 −8.0± 0.8± 1.0 −8.5± 0.9± 1.0 −10.0 ± 1.6 ± 1.0
Mρ′, GeV ≡ 1450 1564 ± 9± 25 1582 ± 17 ± 25
Γρ′, GeV ≡ 310 390 ± 36± 10 429 ± 42± 10
A2, 10
−2 ≡ 0 ≡ 0 0.7± 0.6
Mρ′′, GeV — — ≡ 1700
Γρ′′, GeV — — ≡ 240
Correction factor — 1.18± 0.07 1.20 ± 0.07
χ2/n.d.f. 23 / 23 62 / 40 60 / 39
Results of the fits are shown in Table 2 and in Fig. 3 by the curves. All the
fits describe data of CMD-2 well. A large increase of χ2/n.d.f. for the Fits II
and III comes from two DM2 points at 1.84 and 1.94 GeV only. Without these
points χ2/n.d.f. = 43/38 for the second fit and 42/37 for the third one. The
values of the correction factor for the DM2 data obtained from the fits agree
with their estimated systematic uncertainty of 15%.
The value of gρωpi is consistent within errors with the experimental values from
12 to 17 GeV−1 following from the ω → pi0γ, ρ→ pi0γ and ω → ρpi → pi+pi−pi0
decays. It is also consistent with the theoretical estimates based on the QCD
sum rules predicting the broad range from 9 to 16 GeV−2 [21]. The measured
cross section agrees with the previous measurement of the SND group [9].
It is interesting to note that the value of A1, the relative weight of the ρ′ am-
plitude, within the errors is consistent with the corresponding value obtained
in the CMD-2 analysis of the reaction e+e− → pi+pi− in the vicinity of the ρ
meson [19]. This is a natural consequence of the fact that the isovector compo-
nent of the electromagnetic current is the same in all reactions independently
of the specific final state.
From Fig. 3 it is clear that the DM2 data above 1600 MeV do not require
another (ρ(1700)) resonance. As follows from the Fit III, an attempt to add
such a state to the cross section parameterization does not improve the fit and
its contribution is compatible with zero. This is consistent with the conclusion
of the DM2 group [5].
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Table 3
The energy, integrated luminosity, efficiency, number of observed events, expectation
from ωpi0 MC and 90% CL UL for the cross section of the non ωpi0 cross section
√
s, MeV L, nb−1 ε, % Npi0pi0γ NMC σ, nb (90% CL)
920–1004 2418 9.0 33 28.1 0.07
1034–1200 3947 7.9 88 70.4 0.11
1200–1300 1812 9.5 40 34.8 0.09
1300–1380 2503 10.5 55 49.7 0.07
Table 4
The energy, integrated luminosity, efficiency, 90% CL UL for ηpi0γ events and 90%
CL UL for the cross section of the ηpi0γ cross section
√
s, MeV L, nb−1 ε, % Nηpi0γ σ, nb (90% CL)
920–1004 2418 2.2 6.9 0.13
1034–1200 3947 3.2 7.7 0.06
1200–1300 1812 3.3 8.7 0.14
1300–1380 2503 3.1 7.6 0.10
4.3 Search for direct processes
To estimate a possible contribution to the cross section of the process pi0pi0γ
from the non ωpi0 intermediate state, we used the following procedure. We com-
pare the observed number of the non ωpi0 events (|M(pi0γ)−Mω| > 80 MeV/c2)
with the MC expectation for the ωpi0 final state. The results of this analysis
are shown in Table 3. The observed number of events somewhat exceeds the
expectation, but doesn’t contradict it within errors. All distributions for these
events are compatible with those expected for the ωpi0, so the observed excess
of events can be due to the imperfect Monte Carlo simulation. From the dif-
ference between the observed and expected number of events we set the 90%
CL upper limits for the non ωpi0 cross section in various energy ranges. To
calculate the detection efficiency, an f0(600)γ intermediate mechanism inter-
fering with the ωpi0 was assumed. The contribution of the non ωpi0 process to
the ω selection criteria averaged over the whole energy range is estimated to
be less than 3% of the e+e− → ωpi0 → pi0pi0γ cross section.
As noted earlier, we do not observe an ηpi0γ signal and assuming an a0(980)γ
intermediate mechanism can set upper limits for the cross section of the pro-
cess e+e− → ηpi0γ. Table 4 shows results of this study. The listed efficiencies
include the η → γγ branching fraction [18].
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Table 5
Main sources of systematic errors
Source Contribution, %
Selection criteria 5
Non ωpi0 contribution 3
Luminosity 2
Trigger efficiency 2
Radiative corrections 1
Total 6.6
4.4 Systematic errors
The main sources of systematic uncertainties in the cross section determi-
nation are listed in Table 5. The systematic error due to selection criteria
is obtained by varying the photon energy threshold, total energy deposition,
total momentum, χ2 and M(pi0γ) cuts. The uncertainty in the determina-
tion of the integrated luminosity comes from the selection criteria of Bhabha
events, radiative corrections and calibrations of DC and CsI. The error of the
NT efficiency was estimated by trying various fitting functions of the energy
dependence and variations of the cluster threshold. The uncertainty of the
radiative corrections comes from the dependence on the emitted photon en-
ergy and the accuracy of the theoretical formulae. The resulting systematic
uncertainty of the cross section quoted in Table 5 is 6.6%.
5 Discussion
As can be seen from Fig. 3, the cross section of the process e+e− → ωpi0 →
pi0pi0γ grows fast with energy in the whole energy range covered by the CMD-
2 and reaches its maximum at 1.35–1.40 GeV. If we divide the value of the
cross section by the branching ratio ω → pi0γ, the resulting cross section is
consistent with that from the ω → pi+pi−pi0 channel within the experimental
uncertainties [6,7]. At higher energy, the cross section starts falling rapidly as
the DM2 results show. The whole pattern of the energy dependence is well
described by the interference of the ρ and ρ′ resonances and, as noted above,
hardly requires a third resonance, ρ′′.
We do not perform here a detailed CVC test by comparing our results on the
cross section with the values of the spectral functions of the ωpi final state
in τ lepton decays measured by ALEPH [22] and CLEO [23]. As noted re-
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cently [2], significant disagreement between the spectral functions of the 4pi
final state observed now requires a serious analysis of both data sets as well
as of the necessary SU(2) breaking corrections. However, from various mass
distributions in e+e− → 4pi and τ− → 4piντ it is clear that qualitatively the
mechanisms of the 4pi decay of the τ lepton and corresponding process in e+e−
annihilation are very close [24]. Therefore, it is interesting to note that high
statistics analysis of the ωpi component in τ decays performed by CLEO con-
firms our conclusion that only one ρ-like resonance is needed for an acceptable
description of the data. Its mass ranging between 1520 and 1630 MeV and
large width of 400–650 MeV strongly depend on the parameterization of the
energy dependence of the width and are consistent with our results in Table 2.
Recently CLEO observed a strong ωpi component in the 4pi state produced
together with D(∗) in B decays [25]. Its spin parity analysis shows a prefer-
ence for a wide 1−− resonance with a mass of 1349 ± 27 MeV and width of
547 ± 98 MeV identified as the ρ(1450). Their data do not require a higher,
ρ(1700) resonance decaying into the ωpi0 final state.
It is well known that the energy range under study can not be described
now from the first principles and one has to use the predictions of specific
models. In the popular relativized quark model with chromodynamics it is
predicted that if the ρ(1450) and ρ(1700) are the 23S1 and 1
3D1 qq¯ states
respectively, only the former has large probability of decay into ωpi0 [26]. This
is consistent with our observation as well as with the data of CLEO on τ and
B decays described above. However, the mentioned above model also predicts
strong suppression of the a1(1260)pi mode and dominance of the h1pi mode
for the 4pi decays of the 23S1 quarkonium. This is in strong contrast with
the observations of CMD-2 [6] and CLEO [23] that support the a1(1260)pi
dominance 2 . Therefore, it was argued in Ref. [3] that to reconcile the data, a
hybrid component is needed. The model calculations of various decay modes of
the hybrids show that the a1(1260)pi is the dominant mode, and the ωpi is also
significant [28]. Thus, one can not exclude that the observed picture is in fact
more complicated and one or several vector hybrids exist in the energy range
between 1 and 2 GeV in addition to the ρ′, ω′, φ′. If masses of the hybrid states
are close to those of quarkonia and they have common decay channels, their
interference could produce a peculiar energy dependence of the cross sections.
Our results can be also used to set upper limits for various radiative decays
of the higher vector mesons to scalar and tensor mesons predicted in some
models [29]. In Table 6 we present the upper limits for the corresponding
cross section in the highest energy range accessible to our experiment — from
1300 to 1380 MeV. The choice of this energy range is clear if one takes into
account that the masses of the majority of the considered scalar and tensor
2 An a1(1260)pi component of the 4pi final state, although not as significant, has
also been observed by Crystal Barrel in p¯n annihilation at rest [27].
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Table 6
Upper limits for the cross section of the radiative transition to the meson X
Final state Meson X σ, nb (90% CL)
ηpi0γ a0(980) 0.05
a2(1320) 0.70
pi0pi0γ f0(600) 0.19
f0(980) 0.05
f2(1270) 0.23
mesons are rather high so that the available phase space is limited. To obtain
the quoted limits we used the results from Tables 3 and 4 corrected for the
branching ratio to the pi0pi0 (ηpi0) and the width of the meson. Interference
with the ωpi0 intermediate mechanism was taken into account while calculating
the detection efficiency.
Finally, we can use our results on the search for the ηpi0γ events to look for the
ω(1650) → ωη decay that was observed before in pi−p collisions [30]. In our
case the decay ω → pi0γ leads to the ηpi0γ final state. The fit of the observed
events between 1300 and 1380 MeV to the expected energy dependence gives:
B(ω(1650)→ e+e−) · B(ω(1650)→ ωη) < 6× 10−6
at 90% confidence level.
One can expect further significant improvements in our understanding of the
light quark resonance spectroscopy in the vector meson sector when experi-
ments at the upgraded collider VEPP-2000 begin in Novosibirsk [31].
From the obtained upper limits for the cross section of the radiative processes
e+e− → Xγ, X → pi0pi0, ηpi0 one can estimate a possible contribution of
the previously unstudied radiative processes to the leading order hadronic
correction to the muon anomalous magnetic moment. Taking into account
that a possible contribution from the process e+e− → pi+pi−γ is twice that of
e+e− → pi0pi0γ, one obtains
aLO,radµ < 0.45 · 10−10 at 90% CL.
This limit is negligible (less than 7%) compared to the current uncertainty of
aLO,hadµ [2].
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6 Conclusions
The following results are obtained in this work:
• Using a data sample corresponding to integrated luminosity of 10.7 pb−1,
the cross section of the process e+e− → ωpi0 → pi0pi0γ has been measured
in the c.m. energy range 920–1380 MeV. The values of the cross section are
consistent with those obtained by the SND detector [9].
• The combined fit of the CMD-2 data and those from DM2 at higher energies
confirms the existence of the ρ(1450)→ ωpi0 decay mode while a significant
ρ(1700)→ ωpi0 decay is not needed to describe the data.
• The 90% CL upper limits for the cross sections of the direct e+e− →
pi0pi0γ, ηpi0γ processes have been set for the studied energy range. It is shown
that a possible contribution of such processes to aLO,hadµ is negligible.
The authors are grateful to the staff of VEPP-2M for the excellent performance
of the collider, and to all engineers and technicians who participated in the
design, commissioning and operation of CMD-2. We acknowledge useful and
stimulating discussions with Yu.S. Kalashnikova and E.S. Swanson. This work
is supported in part by the US Department of Energy, US National Science
Foundation and the Russian Foundation for Basic Research.
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